Introduction
Tuberculous Pericarditis (TP) in western countries, represents up to 4% of total pericarditis cases [1] . Although considered unusual [2] this percentage tends to increase, mainly as a result of immigration [3] . Its frequency is related to the disease's prevalence in different countries, as well as to the presence of immunosuppression, mainly due human immunodeficiency virus (HIV) infection. In this article we present 3 cases of TP where the patients were recently hospitalised in two hospitals in Athens, Greece. A summary of the characteristics of the 3 patients is presented in table 1. A brief review of diagnostic techniques and therapeutic procedures of TP is also presented.
Cases

Case 1
A 25 year-old man from Poland, who had been living in Greece for the past 12 months, presented at the emergency department (ED) complaining of dyspnea, palpitations, thoracic pain, abdominal distention, productive cough of purulent sputum, fever and malaise, for the last 20 days. He had no significant medical history, apart from significant alcohol and tobacco consumption. On physical examination, his arterial blood pressure was 110/80 mmHg, his pulse rate was 170/min, respiratory rate 40 breaths/min and SpO 2 of 89% on room air. He had absent breath sounds on the left hemithorax with dullness to percussion, as well as signs of ascites and significant edema of both lower limbs. The electrocardiogram revealed atrial fibrillation with rapid ventricular response and the chest radiograph (CXR) complete opacification of the left hemithorax and increased cardiothoracic index. No signs of pulmonary tuberculosis were apparent, even after drainage of the pleural space. An echocardiogram revealed the presence of cardiac tamponade and the patient was transferred for surgical treatment. A pericardial window was created and 1.2 litres of pericardial and 4 litres of pleural fluid were drained. Anti-tuberculous chemotherapy with isoniazid (INH), rifampicin (RIF), pyrazinamide (PZA) and streptomycin (STR), together with corticosteroids, was initiated because of a high clinical suspicion of tuberculosis. Pericardial biopsy showed non-necrotic granulomas, while the smear for acid-fast bacilli (AFB) was negative. However, culture of pericardial tissue and fluid were positive for Mycobacterium Tuberculosis which proved sensitive to all primary antituberculous drugs. Bronchoscopic examination was without abnormal findings. Cultures of pleural fluid, bronchial secretions and a gastric aspirate were negative and the tuberculin skin test (TST) was 0 mm. The patient recovered promptly and was released in good clinical condition 20 days after surgery. Unfortunately, he was lost to follow up so the final outcome is unknown. 
Case 2
A 47 year-old man, from Greece, presented at the ED because of dyspnea, fever and ankle edema. He was an ex-smoker and had a history of pulmonary tuberculosis in 1990, when he received a complete course of antituberculous chemotherapy. Clinical examination was compatible with bilateral pleural effusions, while heart sounds were diminished, and there was tachycardia, low arterial blood pressure, distended neck veins and symmetrical lower limb edema. A CXR showed increased cardiothoracic index, bilateral pleural effusions and subtle markings compatible with remote pulmonary TB on both apices. A chest computed tomography (CT) scan confirmed the aforementioned findings, as well as the presence of a large pericardial effusion and enlarged mediastinal lymph nodes. Cardiac ultrasound confirmed the clinical suspicion of tamponade and prompted the performance of a surgical pericardial window. Pericardial biopsy showed granulomas with caseous necrosis and cultures of pericardial tissue and fluid were positive for M. tuberculosis with sensitivity to all primary antituberculous drugs. A TST was 15 mm. Antituberculous chemotherapy with INH, RIF, PZA and EMB, together with steroids was initiated. Two months later EMB and PZA were discontinued and treatment continued with INH and RIF.
However, two months later, the patient was readmitted with right heart failure. A new CT scan revealed a significant pericardial effusion, while an echocardiogram made the diagnosis of effusiveconstrictive pericarditis. The patient reported adherence to treatment and no alcohol nor any other drug or supplement consumption. The patient underwent a technically demanding partial pericardiectomy. Pericardium was thick, up to 1.5 cm, partially calcified. Histology of the pericardium showed the persistence of granulomas and an amplified mycobacterium tuberculosis direct test (AMTD) detected RNA of M. tuberculosis, while smear was negative as were cultures two months later. Pleural fluid was a lymphocytic exudate with adenosine deaminase (ADA) levels 23 U/L. Fever appeared postoperatively with no localising signs. In view of the persistence of pericardial effusion with progression to constriction, active granulomatous inflammation and the presence of mycobacteria in the pericardium, as highlighted by nucleic acid amplification (NAA), treatment failure was considered possible. Second line drugs -Moxifloxacin, Ethionamide, Capreomycin and Cycloserine -were added to INH and RIF. The patient tolerated treatment well and experienced a gradual clinical and hemodynamic improvement. No steroids were then added to treatment; indomethacin was used instead for two months. The injectable agent was discontinued 6 months later and treatment continued with 5 drugs aiming to complete 24 months. The patient remains actually in good clinical condition with only mild functional compromise.
Case 3
A 49 year-old man from Greece presented with dry cough, low grade fever and malaise. He was a police officer in the immigration department and had daily contact with immigrants. He was an active smoker (25 pack/years) and had a history of psoriatic arthritis for which he was on chronic treatment with methotrexate. For one year, infliximab (anti-TNFα) every 2 months was added, due to inadequate control. A CXR followed by a chest CT scan revealed a diffuse micronodular pattern together with mediastinal lymphadenopathy and hepatosplenomegaly (figures 1, 2). A TST, which before the onset of infliximab treatment was non reactive, was measured at 12 mm and tuberculosis was suspected. Sputum and bronchial washings were negative on direct examination (while positive on culture some weeks later, without drug resistance). Transbronchial biopsies were not per- formed. Node sampling through mediastinoscopy revealed granulomatous inflammation with caseous necrosis, with positive Ziehl-Neelsen stain and negative AMTD. The patient was placed on standard anti-tuberculous chemotherapy with INH, RIF, PZA and STR. Treatment with infliximab was discontinued. On follow up two months later, and despite clinical improvement, necrosis of mediastinal lymph nodes and moderate pericardial and left pleural effusions were noted. Echocardiography confirmed the presence of a moderate pericardial effusion without hemodynamic compromise. Sputum was again negative on smear, while culture remained positive, though with reduced colonies. A pleural tap revealed a lymphocytic exudate with ADA levels of 29 U/L. Smear and culture were negative for TB. Antinuclear antibodies were negative.
In view of the clinical improvement, the sensitivity of the strain with all primary drugs and the compatible delay between the onset of antituberculous treatment and the radiological deterioration, Immune Reconstitution Inflammatory Syndrome (IRIS) was suspected and corticosteroids were added to treatment. INH and RIF continued for an additional 7 months. The patient had an excellent clinical course and the effusions resolved.
Discussion
TP is a form of extrapulmonary tuberculosis with a mortality of up to 85% in 6 months if left untreated [4] and with favorable prognosis if appropriate antituberculous chemotherapy is given [5] . It appears to accompany pulmonary tuberculosis in 1-2% of cases [6] . Occasionally, cardiac tamponade, as seen in cases 1 and 2, is the presenting manifestation of the disease. Up to 2001, only 80 such cases had been described in the English literature [7] . As the disease progresses, about one half of the patients that did not receive any, or received insufficient treatment, will eventually develop cardiac tamponade [8] . Moreover, tuberculosis is the most frequent cause of restrictive pericarditis (38-83% of total cases) [9] . Restriction develops in all patients with TP without treatment and in 30-50% of patients despite antituberculous chemotherapy [7, 10] . This was probably the case with our second patient. Mycobacteria can gain access to the pericardium in different ways. Most commonly this is through the mediastinal lymph nodes [11] . Mediastinal node inflammation with subsequent central necrosis is a characteristic feature of TP [12] and was present in our second and third cases, where a chest CT was performed. Other routes of infection include hematogenous spread, contiguous spread from the lung, the visceral pleura or a diseased rib [13] . TP develops in four stages: i. Dry, ii. Exudative, iii. Absorptive or early fibrous, and iv. Restrictive or late fibrous [14] .
Diagnosis
Attributing a pericardial effusion to tuberculosis is often challenging. Sensitivity of AFB stain of pericardial fluid varies between 0-42% [6, 10] , whereas specificity is 98% [15] . Sensitivity of culture from pericardial fluid or pericardial tissue also varies in different publications between 30-100% [16] . The time of pericardiocentesis is important; the closer to the disease's onset the better are the results [17] . The method and the material of culture are also important [18] . Cultures of both pericardial fluid and tissue add to the sensitivity of each one alone [19, 20] . Granulomas with caseous necrosis on histopathology, provide definite proof of the disease [21] with sensitivity between 10-87% [19, 22] and 100% specificity. NAA tests for M. Tuberculosis are an important diagnostic advance. Sensitivity and specificity vary again among studies, between 15-80% and 75-100% respectively [19, 23] . Pericardial tissue offers higher sensitivity than fluid (80% vs 15%) [19] . Disadvantages of NAA include possible contamination of the samples and false positive results, and lower sensitivity compared to culture [23, 24] . Indirect diagnostic methods, first applied to pleural effusions, include the measurement of ADA and interferon-γ (INF-γ) levels in the pericardial fluid. High ADA levels have been related to TP [15, 22, 25] . Cut-off levels between 30-60 U/L have been used [26] . In a meta-analysis [27] using ADA levels >40U/L, sensitivity ranges from 83% [23] to 100% [28, 29] and specificity from 78% [23, 28] to 100% [29] . A small study of 12 patients compared the diagnostic value of PCR versus ADA: PCR had smaller sensitivity, 75% vs 83%, but better specificity, 100% vs 78% [23] . Very high ADA levels have been related to increased probability of developing restrictive pericarditis [22] . Their diagnostic value remains high in the context of HIV infection, even if measured levels are lower compared to immunocompetent patients [15] .
IFN-γ levels in the pericardial fluid provide at least equal results to ADA. A study that set a cutoff level of 50 pg/L, gave sensitivity and specificity of 92% and 100% respectively [4] . A second study, using a cut-off level of 200 pg/L, reported an absolute sensitivity and specificity of 100% [15] . The authors of this study recommended the use of IFN-γ as routine and that measurement of ADA should be reserved for cases that IFN-γ measurement is not available. However the method is not widely used mainly due to its high cost [26] .
The value of TST in the diagnosis of active TB is limited. The results are not reliable in regions where tuberculosis is endemic [24] while in nonendemic regions its usefulness is again questionable [10] . Using a cut-off of 10 mm, sensitivity is 43% and specificity 93% [4] .
Interferon gamma release assays (IGRAs) have better sensitivity and specificity than TST in the diagnosis of latent tuberculous infection but they still cannot differentiate between latent infection and disease. However, a negative predictive value in the order of 84-87% can have a useful supplementary role in excluding the diagnosis of TB [30, 31] . Compartmentalisation of sensitised T cells in the pleural space in cases of pleural tuberculosis, led to investigate the application of IGRAs on effusion, rather than blood, derived monocytes, in an attempt to improve sensitivity and specificity for the diagnosis of pleural TB [32] . Results are slightly improved, but there are still false positive and negative results which compare unfavorably with the more simple and less expensive ADA and IFN-γ measurement [33] .
Treatment
Early treatment of TP prevents the development of restrictive pericarditis in about half the patients [14] and increases survival [21] . Because of the serious complications of the disease, the immediate onset of antituberculous chemotherapy is considered necessary. Treatment can be given empirically in the presence of strong clinical suspicion, especially in endemic regions [10] . Treatment includes the use of standard antituberculous treatment, together with corticosteroids [18, 34] . Prolongation of treatment beyond 6 months does not appear to confer advantage [26] .
There is evidence for a beneficial role of corticosteroids both in the early effusive and late constrictive stages [34, 35] . However, published trials cannot be considered conclusive and large randomised controlled trials are needed both in HIVpositive and HIV-negative patients [18, 36, 37] . Corticosteroids seem to confer faster recession of symptoms and resorption of the pericardial fluid and reduce the need for invasive procedures to control the pericardial effusion; more importantly, mortality appears significantly reduced [38] . However, it remains doubted whether corticosteroids can inhibit progression to constriction [35, 38] . Concern about the immunosuppressive effect of corticosteroids, together with skepticism on their usefulness lead some authors to argue against their use [8] . If infection from drug resistant mycobacteria is possible, then adequate treatment should be secured before adding corticosteroids [39] . Initial recommended dose is 60 mg of prednisone daily for 4 weeks, followed by 15 mg/day for 2 weeks [20] . Another option is an initial dose of 60mg of prednisone and progressive tapering during the following 12 weeks [40] . Administration of corticosteroids in patients with HIV infection is also recommended, after careful case-specific assessment and for a shorter duration; again, studies with adequate number of patients do not yet exist [35, 37] .
Surgical intervention
Cardiac tamponade is an absolute indication for drainage. Open drainage appears to eliminate the need for repeat pericardiocentesis and may even confer improved outcome, irrespective of the use of steroids [38] . It is a minor procedure and provides tissue specimens that increase the diagnostic yield. Open drainage may therefore be preferable to pericardiocentesis.
The timing of surgical intervention in constrictive TP remains controversial. Based on a significant proportion of patients with favourable course on medical treatment alone, some authors reserve surgery for patients failing after 1 to 2 months of chemotherapy [10, 38] On the other hand, long standing constriction enhances the formation of denser and calcified adhesions; furthermore it may alter the underlying myocardium's structure and function. Consequently, some authors advocate early pericardiectomy [41, 42] . However, perioperative mortality is considerable; it is usually between 6-12%, but may reach 19% in the presence of extensive adhesions and calcifications [42, 43] . Advanced age, atrial fibrillation, tricuspid insufficiency, need for inotropic support, low cardiac output, high atrial pressure, ascites, low functional status and the duration of constriction have been related to poor outcomes [42, 43] . Total pericardiectomy is technically more demanding but when feasible has superior results -both early and late compared with partial resection [44] .
Tuberculosis, anti-TNF and IRIS
Paradoxical clinical or radiological worsening while on appropriate antituberculous treatment is attributed to the recovery of the patient's immune system. It is a diagnosis of exclusion: treatment failure (especially drug resistance), drug reaction, and a second disease (most commonly another infection), must be ruled out before making a diagnosis of immune reconstitution inflammatory syndrome. IRIS is a well known complication in 28-35% of HIV positive patients after introducing antiretroviral and antituberculous therapy; it is also observed in about 10% of HIV negative patients [45] . The median time from onset of anti-tuberculosis treatment to paradoxical reaction is approximately one month for HIV positive and two months for HIV negative patients respectively (range from 2 weeks to 5 months) [45, 46] . Pericarditis in the context of IRIS is uncommon [47] . The association of anti-TNF treatment with tuberculosis is well established and standard antituberculous treatment is indicated [45] .
Tuberculosis while on anti-TNF treatment may not only result from reactivation of latent disease but from de novo infection; this might have been the case in our third patient and could explain the conversion of the TST. We therefore suggest periodic surveillance, including a TST and/ or an IGRA assay, in patients with a negative initial screening, commencing anti-TNF treatment.
Cases of IRIS after withdrawing anti-TNF treatment, appeared recently in the literature [48, 49, 50] . Consequently, clinical recommendations on management are not evidence based. As in our case, discontinuation of anti-TNF treatment and prolonged (9-12 months) antituberculous therapy are described; neither is supported by evidence and in fact if tuberculous infection is controlled, pursuing anti-TNFα treatment may be safe while preventing the occurrence of IRIS [45, 48, 50] . Otherwise, systemic corticosteroids may be used, as for HIV positive patients.
In an era of increasing drug resistant tuberculosis, differentiating between treatment failure and IRIS is challenging and of paramount clinical importance [51] . Adding to this challenge, it is suggested that drug resistance and IRIS are not mutually exclusive and may in fact overlap in some patients [39] . Appropriate antituberculous regimen should ideally be secured before adding immunosuppressive treatment for a presumed IRIS [52] .
Natural course, treatment failure, or IRIS?
While in our third patient the diagnosis of IRIS seems certain and the choice of treatment reasonable, in our second patient the therapeutic decisions may be disputed. Constrictive pericarditis was most likely the natural evolution of the disease. The original sensitivity pattern and the inability to grow mycobacteria from pericardium samples at the time of pericardiectomy support this interpretation. On the other hand, the unfavourable course of the disease despite appropriate treatment, including adjunctive steroids and surgical drainage, raised concerns of treatment failure, that were fostered after the detection of mycobacterial RNA on pericardial biopsy after 4 months of treatment. The decision to use second line drugs may have been immoderate; however, the patient did experience a favourable clinical course thereafter, despite an incomplete pericardiectomy and the avoidance of steroid use. IRIS in this patient seems a less likely diagnosis. It would be expected to only cause increase in pericardial effusion rather than constriction; moreover, a four month delay is longer than usually encountered. However, a paradoxical reaction component cannot be absolutely excluded, as IRIS may complicate the course of antituberculous treatment in both immunocompetent and immunocompromised patients, and may even overlap with disease progression. Differential diagnosis between the natural course of TB, treatment failure and IRIS are not always straightforward making therapeutic decisions intricate and vital.
In conclusion, TP is a very serious disease with considerable morbidity and mortality. It is indeed present in western countries and must always be included in the differential diagnosis of pericarditis. Immigration and immunosuppression are expected to further increase its incidence. Presentation may be acute and impose rapid diagnostic and therapeutic decisions. Physicians must be of knowledge and take advantage of all available diagnostic procedures in order to early diagnose and confront the disease. Restrictive pericarditis may eventually result despite adequate anti-tuberculous treatment; adjuvant steroid treatment may improve outcome. Tuberculous pericardial effusion due to immune reconstitution inflammatory syndrome may be benign but is a diagnosis of exclusion, most importantly of treatment failure.
